The chemistry of single-stranded 4'-DNA radicals: influence of the radical precursor on anaerobic and aerobic strand cleavage.
Deoxyribosylnucleotide radicals with a radical center at the 4'-position are important intermediates in radical-induced DNA strand cleavage. In the presence of O2, these DNA radicals yield cleavage products that are partly oxidized. In the past, the postulated peroxide intermediates could not be detected directly because they were unstable under the conditions of either radical generation, the work-up procedure, or the analytical techniques used. We set out to generate and analyze these crucial intermediates in radical-induced DNA strand cleavage under mild conditions. Photolysis experiments with modified single-stranded oligonucleotides generated 4'-DNA radicals that were trapped by O2. Using MALDI-MS, DNA peroxides could be detected directly. Depending upon the precursor, these peroxides are formed either before or after the cleavage of the single-stranded DNA radical. Reactions in the presence of 18O2 and/or H218O as well as subsequent transformations to the oxidized cleavage products confirmed the structure of the DNA peroxides. Our technique of selective DNA radical generation under mild conditions makes it possible to detect labile reaction products of single-stranded DNA radicals and to gain further insight into their cleavage reactions. In cases where a radical pair is formed, the shielding effect protects the DNA radical from external attack so that cleavage of the single strand competes successfully with trapping by O2. This shielding effect might be of general importance if the DNA radicals are generated by reagents that bind to the DNA.